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Guidelines for Treating Epilepsy
in the Age of Felbamate, Vigabatrin,

Lamotrigine, and Gabapentin
KENNETH D. LAXER, MD, San Francisco, California

For the first time in 15 years, new antiepileptic medications are available for the treatment of patients
with seizure disorders. These drugs have demonstrated efficacy in animal models of epilepsy and in
controlled clinical trials. Felbamate was licensed in 1993 for use as adjunctive therapy or monother-
apy in adults with partial or tonic-clonic seizures and as adjunctive therapy for children with the
Lennox-Gastaut syndrome. Gabapentin was approved January 1994 as adjunctive therapy in patients
12 years or older with partial seizures, with or without secondary generalization. Lamotrigine is ex-

pected to be approved this year for the treatment of partial and tonic-clonic seizures in adults. Last, a

new drug application has been filed for vigabatrin this year, with possible licensing next year. These
four anticonvulsants present new options in the treatment of patients with refractory epilepsy and are

not merely congeners of previously available treatments. They have unique clinical spectrums and are

reported to be safer and better tolerated than conventional therapy. Trials to compare their use with
that of conventional therapy have not been done, and their use in the initial treatment of patients
with epilepsy is not completely clear.
(Laxer KD: Guidelines for treating epilepsy in the age of felbamate, vigabatrin, lamotrigine, and gabapentin, In Neu-
rology-From Basics to Bedside [Special Issue]. West j Med 1994; 161:309-314)

Despite the optimal use of the currently available anti-
convulsants, many patients' seizure disorders remain

refractory to treatment, or they experience intolerable side
effects. In 1987 it was estimated that of the 800,000 pa-
tients in this country with partial seizure disorders, about
360,000 were considered refractory to therapy.' More re-
cently a Roper poll reported patients' experience with
common epilepsy medications. Of the 760 patients an-
swering a questionnaire, 63% had recurrent seizures, 61%
suffered side effects, and 44% had both side effects and re-
current seizures.2 When evaluated for their level of satisfac-
tion with their current epilepsy therapy, 49% were unhappy
about the side effects caused by their epilepsy medications
and 59% felt they had no choice but to accept this level of
seizure control and side effects. Clearly there is a need for
more effective, better-tolerated anticonvulsants.

The most widely used anticonvulsants, carbamaz-
epine, phenytoin, valproic acid, and phenobarbital (re-
ferred to in this article as conventional therapy), can be
highly effective for certain patients. Each medication has
its own spectrum of pharmacokinetic difficulties and trou-
blesome side effects. Behavioral and cognitive changes
are common with the use of phenobarbital. The nonlinear

pharmacokinetics of phenytoin can pose challenges for a
clinician. A narrow separation between doses that cause
central nervous system side effects and those that control
seizures (that is, small protective index-discussed later)
is common to both phenytoin and carbamazepine.

Conventional anticonvulsants also frequently have
non-central nervous system adverse effects for patients.
The long-term use of phenytoin has been associated with
coarse facies, acne, hirsutism, gingival hypertrophy, and
peripheral neuropathy.3 A rash occurs in 5% to 10% of pa-
tients taking carbamazepine, as well as hyponatremia and
neutropenia. In rare cases, carbamazepine use has been
associated with serious hematologic toxicity, including
aplastic anemia and thrombocytopenia.4 Taking valproate
has been associated with gastric irritation, hair loss,
weight gain, thrombocytopenia, inhibition of platelet
function, and impaired hepatic function including fatal
hepatotoxicity.5 In addition to these direct side effects,
conventional anticonvulsants also demonstrate major drug
interactions that can produce substantial adverse effects or
difficulties in administration.

Before the licensing of felbamate last fall, it had been
15 years since a new anticonvulsant was introduced in

From the Department of Neurology, University of Califomia, San Francisco, School of Medicine.
Dr Laxer is on the speakers bureau and has received speakers' honoraria from all the pharmaceutical companies mentioned in this article. He has also received re-

search grant support from Wallace Laboratories, Parke-Davis, Burroughs Wellcome Company, and Marion Merrell-Dow Laboratories.
Reprint requests to Kenneth D. Laxer, MD, University of California, San Francisco, Medical Center, ACC 889, 400 Parnassus, San Francisco, CA 94143-0138.



310- W1IM, 3 Tetn Eies-Lae

ABBREVIATIONS USED IN TEXT
FDA = Food and Drug Administration
GABA = y-aminobutyric acid
MRI = magnetic resonance imaging

the United States. Gabapentin approval followed shortly
(January 1994). Lamotrigine is expected to receive its fi-
nal approval this year, and vigabatrin will probably be
licensed for use in 1995. These four drugs represent anti-
convulsants whose spectrum of action, side-effect pro-
files, and pharmacokinetics are substantially different
from the anticonvulsants already licensed. In this article I
will review these new anticonvulsants and make recom-
mendations regarding their role in the treatment of pa-
tients with epilepsy.

Felbamate
Felbamate (Felbatol, Wallace Laboratories) was ap-

proved by the Food and Drug Administration (FDA) in
1993 for use as adjunctive or monotherapy in adults with
partial seizures and as adjunctive therapy for the treat-
ment of the Lennox-Gastaut syndrome in children. The
mechanism of action of felbamate is not known. Felba-
mate demonstrates an anticonvulsant effect in models of
seizure spread (maximal electroshock) and seizure thresh-
old (pentylenetetrazol), with a spectrum similar to that for
valproate but with a wider protective index-the ratio be-
tween the dose that produces toxicity in 50% of animals
and the dose that inhibits seizures in 50% of the animals
(Table 1).6 Felbamate demonstrates a number of drug in-
teractions, causing increases in the blood concentrations
of phenytoin, valproate, and the epoxide metabolite of
carbamazepine.7 Side effects include insomnia, weight
loss, and gastrointestinal complaints and infrequently re-
quire the drug to be discontinued.8

Several controlled clinical trials have demonstrated
the efficacy of felbamate in the treatment of refractory
partial seizures, and a double-blind, add-on trial proved
felbamate effective in children with the Lennox-Gastaut
syndrome. In addition to notable reductions of tonic,
atonic, and atypical absence seizures, an assessment of
the quality of life of treated patients showed substantial
improvement.9 Trials of felbamate in juvenile myoclonic
epilepsy and infantile spasms have shown promising re-

sults.'0'1' Although the package insert gives dosing infor-
mation for initial therapy in adults, felbamate has not
been systematically studied in patients with newly diag-
nosed epilepsy.

In children the initial dose is usually 15 mg per kg of
body weight daily in three divided doses with increases of
15 mg per kg weekly. The initial dose in adults is 400 mg
three times a day, with weekly increases of 600 to 1,200
mg per day. Doses as high as 3,600 mg per day were used
in the pivotal studies reported to the FDA, but doses of
4,800 mg per day or greater have been tried without seri-
ous side effects. When initiating felbamate therapy in pa-
tients taking carbamazepine, phenytoin, or valproate, the
concomitant medication should be reduced by about 25%.

Gabapentin
Gabapentin (Neurontin, Parke-Davis Pharmaceutical

Research) was approved for use by the FDA early in 1994
as adjunctive therapy in patients 12 years of age or older
with partial seizures with or without secondary general-
ization. It is water-soluble, has low toxicity, and is not
metabolized by the liver, being excreted essentially un-
changed by the kidney. It is not bound to plasma proteins,
and no serious drug interactions have been described.'2 In
studies of chronic toxicity, acinar cell adenocarcinomas of
the pancreas developed in male rats.'3 The relevance of
these tumors in male rats to carcinogenic risk in humans
is unclear, as human pancreatic tumors are typically duc-
tal in origin rather than of acinar cell origin.

The mechanism of action of gabapentin is not known.
Gabapentin was synthesized as a structural analogue of
,y-aminobutyric acid (GABA) that could penetrate the
blood-brain barrier and mimic the actions ofGABA in the
brain. This is not the case, however. It has no effect on the
concentration of GABA in the brain, is not metabolically
converted to GABA or a GABA agonist, and does not in-
teract with GABA receptors.'4 Gabapentin also does not
show affinity for any of the other common receptor sites.

Gabapentin has demonstrated efficacy as adjunctive
therapy in 5 controlled studies and 18 uncontrolled stud-
ies of patients with partial seizures that are medically re-
fractory.'5 In these studies about 26% of the patients had
a 50% or greater reduction in seizure frequency (Table
2).161-9 Adverse events were usually mild in intensity and
included somnolence, dizziness, ataxia, nystagmus, diplo-
pia, and tremor.

Gabapentin is administered three times a day and is
not affected by food. Typical dosages range between 900
and 1,800 mg per day and can be achieved within three
days of initiating therapy. Dosage adjustments are re-
quired in patients with compromised renal function or in
patients undergoing hemodialysis.

Lamotrigine
Lamotrigine (Lamictal, Burroughs Wellcome Com-

pany) is structurally unrelated to any existing epileptic
drug and is a member of the phenyltriazine class. A new
drug application was submitted to the FDA in December
1991, and approval is expected this year. It is already li-

TABLE 1.-Protective Indexes of the New Anticonvulsants (in Mice)
Protective Index

Drug Maximal Electroshock Pentylenetetrazol

Phenytoin ................ 6.3 NE
Carbamazepine ............ 14.1 NE
Valproate ................ 1.9 3.3
Ethosuximide ............ NE 4.4
Felbamate................ 38 20
Gabapentin............... NA NA
Lamotrigine .............. 80 NE
Vigabatrin................ NE NE
NA = effective but median toxic dose not available, NE = not effective
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censed for use in the United Kingdom, Ireland, Brazil,
and Greece. Lamotrigine is a weak inhibitor of the en-
zyme dihydrofolate reductase in vitro and was screened
for anticonvulsant activity when it was thought that
antiepileptic drugs might act through an antifolate mech-
anism. In clinical studies, lamotrigine did not affect blood
folate levels,2" and pharmacologic studies suggest that
lamotrigine acts at voltage-sensitive sodium channels to
stabilize neural membranes and inhibit the release of ex-
citatory amino acid neurotransmitters.2"

Animal models of epilepsy suggested lamotrigine
would have use in the treatment of partial seizures and
generalized tonic-clonic seizures.22 In controlled studies
in humans, lamotrigine showed a dose-response efficacy,
with about 33% of the patients having a 50% or great-
er decrease in seizure frequency.?3 The most frequently
reported adverse events included dizziness, diplopia,
headache, and ataxia. About 10% of patients experienced
a rash.?4

Lamotrigine is metabolized predominantly by gluc-
uronic acid conjugation, and the inactive metabolite is
eliminated by renal excretion. About 55% of the drug is
bound to plasma proteins.'u Although lamotrigine has no
effect on the concentrations of conventional anticon-
vulsants, the reverse is not the case. In patients taking
enzyme-inducing anticonvulsants (phenytoin, carbamaz-
epine, or barbiturates), the elimination half-life is sub-
stantially decreased. In contrast, valproate significantly
prolongs the elimination half-life of lamotrigine.2'

Because of these considerable interactions, a compli-
cated dosing schedule is required. The initial recom-
mended dose of lamotrigine in patients receiving
enzyme-inducing anticonvulsants is 50 mg twice a day,
with increases of 100 mg each week. The maintenance
dose ranges from 300 to 500 mg per day given in two
doses. For patients receiving valproate, the recommended
initial dose is 50 mg daily, with increases every two
weeks to a maintenance dose of 100 to 200 mg per day.
There is little experience in using lamotrigine in patients
with either impaired renal or hepatic function. Because
lamotrigine is extensively metabolized by the liver before
excretion, caution should be used in such patients.

Vigabatrin
Vigabatrin (Sabril, Marion Merrell-Dow Inc) is the

first of a new class of antiepileptic drugs that work by the
selective, irreversible inhibition of GABA transaminase,
the enzyme responsible for the metabolism of GABA.
Cerebrospinal fluid measurements taken before and after
treatment with vigabatrin in patients with medically re-
fractory, complex partial seizures reveal a dose-dependent
increase in total GABA, free GABA, and homocamosine
(histidine-GABA dipeptide) levels.'

Vigabatrin was undergoing clinical testing in the
United States, but the trials were halted in 1983 when
white matter degeneration occurred in mice, rats, and
dogs.' The white matter changes (intramyelinic edema)
were not associated with segmental demyelination and
were reversible with the cessation of treatment. Patients
with exposure to vigabatrin who subsequently underwent
neurosurgical procedures and patients who died of other
causes did not show these changes. In animals the white
matter changes correlated with changes in magnetic reso-
nance imaging (MRI) scans and sensory evoked poten-
tials.29 Laboratory tests including MRI scans and evoked
potentials in humans undergoing treatment with vigaba-
trin have failed to elicit any evidence of serious systemic,
neurologic, or neurophysiologic toxicity.' For these rea-
sons clinical trials in the United States have resumed, and
a new drug application is expected to be filed with the
FDA in 1994. Vigabatrin is already marketed in 35 coun-
tries, predominantly in Europe.

Vigabatrin is neither protein-bound nor metabolized
by the microsomal oxidase enzyme system. Vigabatrin
could be given once or twice a day because of its pro-
longed pharmacodynamic effect; it is better tolerated on a

three-times-a-day schedule. Few drug interactions have
been reported with vigabatrin use, although a slight de-
crease in phenytoin levels has been described.3' Vigaba-
trin is primarily eliminated by glomerular filtration, and
therefore dosage adjustment will probably be necessary in
patients with impaired renal function. Adverse effects ap-
pear to be infrequent and mild and include drowsiness, ir-
ritability, nervousness, dizziness, headache, or confusion.
Less commonly reported side effects include weight gain
and psychosis.32 Despite the delay between the cessation
of vigabatrin and the time required to resynthesize GABA
transaminase, it appears that vigabatrin should be with-
drawn slowly. A dramatic increase in seizures including
status epilepticus has been described after vigabatrin was

abruptly discontinued.33
Vigabatrin has been evaluated extensively in Europe

and in the United States. Controlled multiple-dose trials
of patients with refractory partial seizures found that
about half of the patients had a 50% reduction in seizure
frequency (Table 2). There was no increase in efficacy
above 3 grams per day, but side effects were more com-

mon at the higher dose.' Trials of vigabatrin in children
have been done only in Europe, and some efficacy has
been found with partial and generalized seizures and the
Lennox-Gastaut syndrome.35 In children with infantile
spasms refractory to corticotropin therapy, 75% have had
a decrease in seizure frequency.' Increased seizure fre-
quency with the use of vigabatrin has been reported in

TABLE 2.-Controlled Trials of
Anticonvulsant Drugs in Partial Epilepsy

Drug % Decrease % Responders

Felbamate........................ 23* NA
Gabapentin....................... 29 26
Lamotngine ...................... 36 27
Vigabatrin........................ 50 50
Carbamazepine.................... 83t 52t
Valproate ........................ NA 73§
NA = not available

*A crossover trial.16 tFrom Rodin et al.17 Patients had complex partial seizures.
tFrom Kutt et al.18 §From Dean and Penry.19
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patients with nonprogressive myoclonic epilepsy and ab-
sence seizures.37

Conventional Anticonvulsants
Previous controlled trials directly comparing phe-

nytoin, carbamazepine, or valproate did not show one

compound to be more efficacious than the others.'-"
Therefore, when choosing an anticonvulsant, measures

other than efficacy become important, including ease of
administration, side-effects profile, and cost. The lessons
learned from using conventional anticonvulsants also ap-

ply to the new anticonvulsants.
Direct comparisons among the new anticonvulsants or

with conventional anticonvulsants have not been done,
and there is no evidence to suggest one medication is su-

perior to another. A double-blind trial of carbamazepine
versus placebo was done in patients admitted to a hospi-
tal with intractable psychomotor epilepsy, and the secon-

darily generalized seizures were found to be decreased by
55% and the psychomotor seizures by 83%.17 In a similar
study, 52% of patients had a 50% decrease in seizure fre-
quency.'8 Obviously, patients are considered refractory
only when the available medications of the time have
failed them. Patients in the carbamazepine trials had not
been selected on the basis of failed trials of carba-
mazepine or valproate, and their seizures would possibly
be less refractory than those in patients in recent trials.
Similarly, of 30 patients with refractory complex partial
seizures, 22 (73%) who were changed to valproate
monotherapy had greater than a 50% reduction in seizure
frequency.'9 Direct comparisons are difficult, but these
studies do not clearly demonstrate a superiority for one

anticonvulsant, conventional or new.

The new anticonvulsants have been priced to be com-

parable to valproate at the high end of cost. Phenytoin,
because of its low cost (Table 3) and long half-life, allow-
ing once-a-day dosing, should be the drug of choice for
patients with partial seizures with and without secondary
generalization. Because of gingival hypertrophy, hir-
sutism, and coarsening of facial features, however, carba-
mazepine replaces phenytoin in children. Despite the
comparable efficacy in partial epilepsy, there is prelimi-
nary evidence that valproate is the drug of choice in
patients with primary generalized epilepsies with spike-
and-wave discharges in their electroencephalograms (Ta-
ble 4).4°

Of the new anticonvulsants, vigabatrin has had the
most use to date and is being used as add-on therapy in
Europe in patients whose initial treatment with carba-
mazepine or valproate failed to control their seizures.
Considerably less information is available regarding the
use of felbamate, gabapentin, and lamotrigine, but with
increased patient exposures the ultimate role of these
medications will be determined. All the new anticonvul-
sants show roughly equivalent efficacy against partial
seizures with or without secondary generalization in pa-
tients whose seizures are uncontrolled by conventional
medications. Lamotrigine may make patients with my-
oclonic seizures worse. In the Lennox-Gastaut syndrome,

lamotrigine does not affect atonic or tonic seizures.4' Fel-
bamate, on the other hand, is effective in the Lennox-Gas-
taut syndrome.

Little evidence exists that helps physicians decide in
which order to try these new agents. Based on experi-
ments in animals and limited clinical experience, some

suggestions can be made. Drugs with large protective in-
dexes have a wider available dose range before toxicity is
reached. Table 1 compares the protective indexes in two
animal models for the conventional and new anticonvul-
sants. Using this approach, felbamate appears to have a

therapeutic spectrum similar to that of valproate, with ef-
ficacy in treating partial, tonic-clonic, and absence
seizures, but with a greater protective index. This has
been confirmed in clinical trials. Felbamate has shown ef-
ficacy in both partial and generalized epilepsies with min-
imal toxicity. As predicted by the models, lamotrigine has
a clinical spectrum similar to that of phenytoin, but with
a wider "therapeutic window." Vigabatrin, on the other
hand, demonstrates some efficacy in animal models of
human epilepsy, but preliminary evidence suggests that
some patients may have their absence seizures made
worse by vigabatrin use.

To date, only one study has compared the use of a new
anticonvulsant with that of conventional therapy. The use

of vigabatrin was compared with that of carbamazepine in
medically refractory patients with partial seizures. It
showed a similar efficacy, but was slightly better toler-
ated."2'Until controlled trials are done comparing the use

of these drugs with that of conventional therapy in newly
diagnosed patients, the use of the new anticonvulsants
must be limited to medically refractory patients. In pa-
tients with juvenile myoclonic epilepsy or absence
epilepsy refractory to valproate monotherapy, felbamate
is probably the next medication to be tried. When vigaba-
trin becomes available, with its unique mechanism of ac-

tion, it may have a role as rational polytherapy in patients
with medically refractory epilepsy. Vigabatrin and gaba-
pentin should be the easiest to prescribe because they lack
drug interactions and have little protein binding. Gaba-
pentin has the ability to be rapidly initiated and can be
quickly tried in patients before their seizures are consid-
ered refractory.

These new anticonvulsants are reported to be safer
and better tolerated than conventional therapy. This may
indeed be the case; however, the limited human exposure
may explain the lack of substantial allergic reactions. For

TABLE 3.-Name-Brand Anticonvulsants

Typical Dose,
Drug Generic Price, $ mg/day Cost/Day,
Dilantin ... Phenytoin 18.07 300-400 0.54-0.72
Tegretol ... Carbamazepine 34.66 600-1,200 1.04-2.08
Depakote. . Divalproex sodium 56.29 750-3,000 1.69-6.23

(valproate)
Felbatol ... Felbamate 66.00 2,400-3,600 2.64-3.96
Neurontin . Gabapentin 90.04 900-1,800 2.70-5.40

'Average wholesale price January 1994 per 100 tablets.
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example, in the United States, approximately 275,000 peo-
ple were taking valproate in 1993. The incidence of fatal
hepatotoxicity is about 1 in 118,000 patients (all ages, as
monotherapy).4 By comparison, in the manufacturer's
new drug application to the FDA, the exposure of 4,000 hu-
mans to felbamate was summarized. An absence of idio-
syncratic drug reactions could be due to sampling error.

None of these drugs have demonstrated teratogenicity
in animals, but there is no evidence suggesting that they
are less harmful to a developing fetus than conventional
anticonvulsants. Therefore, their use during pregnancy or
in women of child-bearing age should be limited to
women who have no other alternatives for seizure control.

Although the new anticonvulsants appear promising,
physicians must not be swayed by intensive advertising
campaigns or aggressive drug detail agents extolling the
virtues of these new agents. The fascination clinicians
have for new medications needs to be tempered by the un-
certainties of unknown idiosyncratic drug reaction pro-
files, the limited database available on drug interactions,
and the increased costs to patients.

Addendum
Since this article was submitted, the FDA in conjunc-

tion with Wallace Laboratories has recommended that pa-
tients be withdrawn from felbamate therapy. There have
been ten cases of aplastic anemia, including two deaths,
of a total of more than 100,000 patients taking felbamate.
All of the cases of aplastic anemia appeared between two
and six months after therapy was initiated. This incidence
is about 50 times greater than that seen in the general pop-
ulation. The drug has not been recalled, but the FDA and
Wallace Laboratories, as well as the Epilepsy Foundation

of America, have recommended that the use of felbamate
be suspended, unless the benefits of continued use clearly
outweigh the possible risks. Unfortunately, sequential
laboratory tests do not predict those patients who are at
risk for this complication.
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